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• INTRODUCTION

1. Of prime importance in the design philosophy of the SATURN

vehicle/launch complex is the fact that no single failure in a system

should cause mission degradation or abort_. Since strict adherence

to this policy is not practical within the confines of a time and budget

limited program, it is important to minimize vehicle loss probability.

This dictates an analysis which is based on component reliabilities

and single failure effect analysis.

Z. The SATURN C-1 Failure Effect Analysis Committee,

composed of members from the M-SAT and the various MSFC Divisions,

was established to

a. Study failure effect analysis techniques.

b. Devise analysis procedures which would be compatible with

MSFC operational procedures.

c. Perform failure effect analyses, through assistance from

cognizant design personnel, for the S-I stage, S-IV stage, and the

Instrument Unit of the SATURN SA-5 vehicle, and for the certain

critical items of the Launch Complex. (The payload was not included

as its design responsibility falls within the authority of Manned

Spacecraft Center. )

d. Establish a permanent program as a follow-on effort to

insure the effective accomplishment of failure effect analysis on

vehicles subsequent to SA-5. {See M-P&VE-85, MSFC Space Vehicle

Systems Failure Effect Analysis Integration Program Proposal,

dated December 11, 1961, and M-SAT memo, Subject: Continuation

of Failure Effect Analysis Studies on SATURN SA-5 and Subsequent

Vehicles, dated January 22, 1962,)

3. Since the Committee was primarily a "study" group, con-

siderable latitude was allowed in format (particularly concerning the

block diagrams) of the various portions of the analysis presented.

This enabled each committee member to display the systems under

his cognizance in a manner which, he thought, would point out the

failure effects most clearly. Consequently, some systems are

analyzed by system "flow", while others are analyzed in a manner



similar to that performed in a logic study. However, an examination
of the various formats reveals this fact; a systematic analysis of
each system by one who is familiar with it will show the system
weaknesses and the effect of the system failure on the vehicle. For
this reason no attempt has been made to completely standardize the
format in this Presentation. This discrepancy will be resolved by
the follow-on program.

4. An examination of the "Structures" portion of the presentation
reveals that no written portion accompanies the block diagrams. An
explanation for this can be stated briefly. During the initial phase of
design, the structure undergoes an analysis, involving design and
stress calculations, which can be classified as a single failure effect

analysis. On the basis of this analysis, the structure is strengthened

at points where possible failures will occur. For this reason, it can

be stated that the complete structure has been designed to adequately

withstand normal flight loading without a failure which will result in

a vehicle loss.

5. In the presentation no attempt has been made to define the

frequency of occurrence of the failure modes for each component.

Therefore, the failure modes listed may be extremely remote, but

for analysis purposes are included.
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6.0

NOTE: This section is to be supplied by MSC if Apollo Boiler Plate
Capsule is used on SA-5.



I I J I _

u

_4

H
I

:J

O
v
A

o



,r_

l

o_

i

o_

o
_4



I I I

,,.)

f_

f_

I

o
,,,,m
_o

"T
0

qlt

E
0

f_



I

u
ill

I I|1 I I

t

o

D

I
I 1

I

ol

o
o

o_
o

t 1
I
1

Iz

|1 I

IIIII II

x ,f

o

F_

Q

m

o

,<

i

o



r_

f_
r_

r_

i'i

0

_A

o

O

f_



l)

t

I _

o i o

o

I ' 0

I

_o

c_

P

_o
h

0

_0

E



Lm

J

14

,.-I

o

i
b.

M
U

D
N

0

D

>.

Cl
Z

m
i

u

r_

n

0

o



o

_L
U i'i

",!

0

g
0



. I

a

p

0

L_

Z 1

o _ i

_ I

u I

121 I

-V

I I

,i i

d I

.°

o

,,D

m

o

0



U

111

1i!

I"

o

0



. I I

-I ......

o

o

E
0

01



tt_

e_

r_

o_

o
A

W

o

o

u

_a lJ

_o

_ o_

cn_1
_H

F_c_ F_

_14 I _-_t

1,1 ,_i

0

t

go
u

c_

o

c_

t

c).c: 0) _) _

• ._ _ _

u r0

_ _,_

_ _o _ _'_- _ .

_a

o_
c::>

o

o

0

o

c_

i__ ,_.

,,4

_U

,<

ul

t_

Ii

_2

cl

A

0



u_

,--1

U

n_

r

i
:>

z

m

_ °_

-1111+
B

r _[_+_

,+

o

(rj

i

c_
_o

r,,

c_

<D

o

_o

,<

i

o



w_

H

_D
i

i

o

0

_D

0

0

Z
m

(]

_9

,D
r

II

v

,r

p

o
N
et

h
o"1

b_

..o

u..l

0

"7



o_

,o

u

U_

g

e

g

o_
_ o_

_ o_

o_

U

3

_o

_°°

_ U

o_

uE_

o_

0

°i

o

_ o

n im

_ u

_ _._

z

o

_'_

_._
_a

_.___
N I_J 0 .

i

g
,J

i

m

a o
M _

m

u _ o o ¢_

o

_._'_ o,_ _1o...:

._ _ _ f_,_ _ _._

ml

I

.._ _

Z

_

i

o

o
u

_ 7_.

Z

o'_

._._

0 '

i|

2.1

e_

z

o

t_



_4

I'I

_J

B

u

o

P_

0

f_



o

i n ill

,_ _ _c/) _ ,

o
0

o

io
u

, _ 0

LI,

ul

b_

o

0

0"_

A

"0

t

_ o _

_ ..-,_

._._

0 u.'_

_o oo

_ ¢, _ _.,-' o _ _

n

_o

iiii i N I I m

_ •

Z

_ o

_o_

_,.,

0 u,-_

_s .oo_
_o oo

• ,,, ,.;_ ,,,_
_._, '_, ._:_

os_ o_ _ o_

_o_

JJ

o

,o

_d
Cl

0

N

o



_o

Oo

D

¸."4 U

I:::

qJ

_o

q0

D.,

H

(Jr)

H

!i

Lrl

_ o

_ o

,o

u_ u ._o

_-_' _

_ 0 _

_'_

Z

_b
o

i i illl lUi ii ii

._ _-_ _ _
_-_ ,_._o" __ ,_ _i_

t_

z Z" :2 }

N

m

o_

o_

,..C

u

0 _ _

'_ 0

_ _._

o _
_o_

0 _

_o_'_o_
_._ _

U _

_;_ •_!_._

i

H

o_

_o_
._ _>

_o.

_ o
_:_ o

o_ r_ u.ci

°°!_ _. ._

u

g_o

o o

;_ _.g

_o._

U
3
o

i

0

_._

o

o-

0



u_

.4

a

o

o
i

o

_E

.1_-_i_:,_

ox

C
o

u o

_t

o

o

_ o

_ _ ,_oo

'_ _ 0 _ ._ 0 '

"0 t
o

_ o

_o_
N_0z.

i o

o_ _ _ ._ o

'_ _.o_
_o_ _ _-_

o _ _ _

_ z
g

_ t

o _

o _

o _

_o
o _.

t
oo

o_ _
o

i

Oo_ _

I

_ o__ _ _
o _ I_ o u o _'_

o_ .

'_

_ _'_ .
_; i_._ o _

•_'_ o

_o_

_o_

_o

=.oo

ul

._ 0 _

.o==_

_._

i

._ o "__o_
._ _,_ o :_

._ u _:_

i _.
._,

' , !L , ,._.
_= °o_

° ° ° 'o• _

.... _ _

"__

=o

._

_o _
i

_o o

,¢

,t

im

L_

05

o

O_

P
0

o

09



tr_

L)

(4

_a

tq

_n

o°_ _

La_

L_

f

0

o ._

i

:>9 >

--1 -J ....

_n

_ P

' _ iii

° ii

> o_t
_oj

[.

_ 0

o ,n ]

,_o _, ._

I__1 . __ I
_ _o

I ;_

I

o

o_
<

t_

0
v

i

0



u_

£

I

o

o_
_E

U

F_
t_

t_

d

co

_u o_

_o

U 0

IIII

ae o

oL _ olo _ o_

0 o

0

b_

S_ [,

N

0

__ _u

.,.._, ,

° i

._o_

._ _ _

0

_'_

_o

,

_ _ _ o
_._ _ o

_ o_ .

•_ s___o_°°_o

_o_ _ _ o

t_
m

m

o_

o
o__ o

_ _ 0

o
m

o_
m

o_

...&'

'lJ ,

_ 0

_o_

_Z
_W

0

b_

_d

o

P_

r_

0

I

0
v

g

0



L_

_o
i

o

_o

|ill

_ _o_

o o

_o_

_o
_'_ .

_,_ o_
U

_ _o_
_ o

• m "_

!i
_z

7a_
°!

_ o ._

_ o

o

o_

_2_o

_ _ o_

J

I . I I

_ o

_Z_co

.L

o o

o_

o

_o_°_

o_o_o

_._._

• _ .s _

Z

i

h

)

_J

D_

o

l

_'&
u

u_

o

u h

, _ 0_o_._
_ .no

•_, ',_

_2_ _._

_o_,_

i

_o_

#d

o._

_o
o .N _

•_ _'_
_._ _ _._

O_ _3_

i

o_u

o

0

F_

_o

ea

C_

m

0

o _



L_

'N-

"0

0
I

o
o_

Z_

i

_1_ i_

_1_

o

C

i_!) *_ _'_ _

_ '>_
_4 _o_ o *_

o_o_

eg
_u

i
>

i
o

_ •

o ,_
u _

o_

°O:o_
_o_

0 _

_ _ u

all lie| II

° _°°o°_ i

)-

_,_

d)

o °_-_

_go

ii

i

_o

_ o

_g

.,-i

...4

0_._ ° _i_
i _'," oo ,-..i _

_. _ _ ,

z

eq

t

i

0

0

o

u)



r_

0_

¢d

*6
e_

o
£

o
i

o

o_

o!

Jh_b_

[,_ 'qL:I ,

ci_

l,i

_ i_i_ _
_ o_ _0 _ o_ ,_ _ _

<

A

_'

m

.o

_Z

, o_

o o

u

o_

__ _ o_°>_ °

o .>._ o_

i

>

,<,

_o_
i "z$

i
o

t

o

o_._

__
o_

k _ _ u

_._ _ _ - ._

_'_Oo_

o

_o_

c8 o @ e_ o

c;

k; L

_ _°_=_"
, _-_ _ __

_d _

0 0 _ o _

o_

oll i

a._ .o _
ul

Z

.-

n

< ,n
T

o
o_

D

n_

H
_o

_L

0
v

c_

g

o



£

I

o

Z_

_l_

_I_,_

J,

b;

_ u

_6 o _ k ._ _ o o

Z

!o:
o _

_ _.__'_ ._

ooo_h

i

u4 f_ e_

o _, _

_0_ •

_o.-_

O ,-( "m! "I_11

k

o
r_

o,
r_

F_

k

_) o

_,_o_

_ °.°__ _.g

_ _._i

Z

• u

.o_

u o_

o o

k

0 _ _l l:l
_ _ _ 0

o._ _ _._
_ _ 0 _ U._

O k _ ,..-I

I

0

Z

k

_0_

_,

u _

0
v

g



.4
_ o

_ _ ._-_

• _ - _o _ _ o_

o _ _ _ _ o

_ 0

_,_. o_

_'_ _
'LI

D_

8"

I;1

A

t_

u

g

• w

o

F_

_'_

"_ _._

,_ _._

_z

bO 0

.o _o _
_ o_

_o _

_

_._

_

.e_

_o_

,...i

_o

u o

otJ

_,_ o

_._

i
o

_a 0

0

ffl

g
o_

o



o

0

_u

tn_

P_
o-,

o

o
£

E

o"

e

o

rt ¸

o

t

_r o

0 u 0"_ _

o_o_
e'o 0 0 I "_
0 _ _ O.. _

A

_ o o _ o

Z

0 _l 0

0 "_ m 0

0 .._

,o_ o_

o_o

<
Z

0

i 0 .

-_o_o_ _,o _o_

o_
u

l>

o

oo
u

o

o_

'ira _ 'U

o= o_
_._

o "_

_0 o ._ _ _
o_._ :_ _

_o_._
o_._ _: '¢,

_ .

_o
, _o_ °

_0 0

_o _ _ •

•i_ _

_ 0"8

_._

•_ o° _ ._

_,'_

o_

o

• _ _ 0 0 0 _

. ®_o _'.,

_ ,,.el 0 • _ ,,_

z

t
o e.I

N _

o

0

o9

' I

0

xo

&

o_

o



o

_o
i

z_
o

cn_

<m

u

[1.I ,_f,.

_:,I J

, ,j

qu

,'4
0

• m

c_z

i
;>

m

o

o

_ o o

ggg

4,

N

_o ,_.!

_ u

MO _,

ii

o _;_.. _
_<_ _ •
__o

o

u

m _ m

._ _o_'__ ".o

"" _ _ i, .u.. o.,_ u _.,

X o
m_

.o. _.

._._ _ _o

0 _'

tJ _

2-i

o

o

o



tr3

o
A
.If.

o_

0

N

=o

_.zz _ z azz _zz _o0

z _ z _ z z

_o
0 _ O O

o"

@

o

._ _._ e

u

_,_. _ '_

_:.

_._ -_

_o_._

_,_._ _-
0 _

oZ_

._._
o

_._

0

oo _,
_._

_ o

-_; _ ° _.-2 _.-2

._ _ _

,_,

o_
,--1

o I_ I:.

•_ _

u

,e

I

0

o,

0

dt



Lf_

I:1

0
"IJ

.<mu

he,

u_

i

IH

b_

l,h m

0

u

e

"U _ 0

.J

0 _ '_

i:i

3

_, _,, _
. Ij ,--i

_i ....
_ _ 0

_ _ _.,_'

2"2Z0 _ ._

.._ _'_

o

_'_

I.w

.,.w_

o o bl)

, m',
o .__:®.

)._ i !.w

k_

, o._ ° _

_ _ _._

_ _ "F_

__._,_ ,_o

,¢ ,_ ,e

8 i

"* _|0 '

t
_._

o

<

!,, ,_?. o-o Oo._

_ _o_ _o_ o

o , ._

_ _ _ • o_

._._ ..j_, _

o_
_ _._

_ _ _._.
°._.__ _ , _i ._

• ,_ _-_ ._ ¢_ _ '_.
_ _ o • =_ _ _:

_o _:_o_

o

o

('4i o,
iT

P
o

&

f.,1

0



u_

{/]

.{

.{

t/]

I I

.__1_, _ ,

t_

____] L.,
I:_ :0

_ X
;,_ M nnD

=_ F@I

X

__-TI _--£

i I
M L

_ n ,

_P_ _} U:

T Ii

Z T_Z_

% M

,_ " _
._ U4

_ s

p _

I_ "°'
I<

_v- -7-

l
?
..I

?
_ 3

1

I
__L

_ ,

T
i

tn

,?

m ._ I

<_1

,2

.-4{

_ 0

Z

_8

---r--

1

......

1_
,

._ :_ ,

.d "_

bl %

2
f.l

_ 3

I

I

T

o
14 I

>

,-4
,-4
O
lg

,-.t I

IO® I

i__
I

I

;>

.<

t

o



LPI

4

o

£

I

:-I

o

2,

o!

,_.]m

i/)

< ix _
I: ;4

- I

Id i

u ,..-i
iJ u

M

, ___ _,

_]

_, _

r,

g

_ _ 0

0

i x£ xr_

_ _ _

_ _._

i!
m u MI:L<

D

I.,4

o_
0",4

_g

u

e.,

,3.X_

IM

o_ _ tli_o

_,_

.c .1_ 14 ,[I

m

go.

k >o

mO '8

5 _ o} p _I

X, s m

_XZ=

_ _:_o

0_2£ °

ISlZ

o_

&

o

£,o
u_

.d

i-,..i _ ¢_ u

t4
m .'1

0

Oal,

o_o
i

e0

U_

x

,c': _I

I . u

o

;_ o,..3
,,_S

_o_m

i

0 ¸

_._o°

o

u

I/}

0

_o
i-i

ZlD

0 o

_o

g
'sg

i

tn

' "'" m!

:,8 m_ o
<W, .

<) ' '> itl

,,_t ,_: ¢, • qj

.g, u _'" _', q

o

' _ o
W, ';7 d -,

i
X_

m_O

r-

,2

._o y

_o_

o_ >.

I__, o

"sg

X

2
i

_T

%,

,i
,:1

.I,il

'41

i:

i!'

m

43

0

A

o'.

&
,<

g

fl

,al



o

o
£

,s-,
_f

0_°

oo

o

o ,

_v

T

o_
i

_v

o
v

o_

<

o



u-'l

C

.0

Z

o
i

o

u

i;<,

_) rr

,_ ill

_u

I:1
o

f.,l_

_..>,

II

II

!

uE

.1

0 °

"_o
o_

0

_U

0 II _,i

,_._ _ _ . _

.22. o

o

_._

i l, i

0

7°'

,_._ " _ _ o r_ ,,,

_I_O
,_-_o<_ _;=<__]]Oo _lo, _

_ _ in _

_r_

m, 0

p.

0 u o

i

_.I 0 o I_

Z m,_ o

o _

:::l _ A4' .o

_,_

-.o

,_oo

o

ii

u

0

o_

i

0 nC_

m_

m _Z

0 _o O_ .uz_ o o o o_

_,_

i;
I,

!,!

,q

,co)

?

,o

_>

=<7,
0

Ill I

t,,)

o_o o_ _3
• _

.z d

o _ o

0 0

_ Om

o

o

i

0

A

N

0



0

0

o

U

< i_J

_i '

IJ

>

g_ _ gl

.s._ _ )

I Ill

,_

.o_

II

o

t_

_"._ _

Ip
0 0

i
_ _z

K o
0 0

0 0

_0-" o

0 _ _
I

, _._ > ._
0 0

_ _ 0

_,_, u >

,d

0 =l -t ._I
I_ u _,._ u"_

,<

Z

%

o

"_ ,,0

o>

0

o_

_ o

m

>.0 u

ro

0

.<uD _

i

_,0 _

o "_ _z_

__ _ Z"_ _=_
o. o_ ._ o_z_ _._ _o

I

'6
,r,

(2

0

3

,.9,o _

_q .d .d .d

I III

o, _ _. _

% 0 m _

OI_Q_

_ ._._

_ 0

_,m "-3 ,. "

m _Z

.._. s

!!.i

<

Z

!

12

0

o

O_go._

<

Z

0

o_

z_
0

0

:>

o_

Z_

0

4
Z

0

_0
h l

,.el _n

eft
Z>

_o_

_..__o ,_
oI_ E

0

o_

0

I

o"

t

H

0
v
A

0



u'h

.-I

U

0

0

r

i
i

> I

C)

I

I

°I

I

_J .....

c

0

- j....

.... I.

°l

L__l_ _

I

I
I

I

l

_T--'"

I

o

"d
o



<
oi

0 D

z
o
u

z
<

o

a

|

o
o

o

z
o
o

.

..... j ........

o
c_

_4
<

t)
z
<

o

o

G9

o
<
,4

o n

£2-2.......

>

o_
<

o

<

t_
<
i

"D

c_

_D
o-

N

r_
r_

C3

m

<

e_

E



Irl

U

_4

_4

_J

H

o

i
ct_

o

cfJ



,.-,1

U

H

I

U)

v

i

o



¢",1

i

,-1

.4
h,

r.

o

o
£

._u

i i1| | ii i

_ _ _,_ _ :',

._ ,_ _ _o_m _ o o

_ _ _._ ,-,_,_ _

_o_ z_ o

S_ 4{ ¢ o

' a,
m

o"

_z

4_

t)

g

i

Z_ _

o r,D u

0 0

_._ _

0 9.

0 o_ 2', :_

o ,J

Z O _ o_.

o_

{m _Z

_o_

o
o
*@

o
!

i
_D

N_

_._

_ u b _

4
rw
i

:, >

,%

_N

Y4

,4

I4
i

t4

7

;2

<

_a

N

m



_A

o

o

E

41-

I

o

_E

o"!t_

,.It

Z >

r,,

_'_ o

o

o

o= _ . _
_-_o_ _ _.,_

"_ 0 U ._I

o _o _
_o o_'_ _ o-_'

o o _ ,_

_:_~_
0 ,_ _

_ _o
_._ _ o_

0 _

m

0 _

_._ o_ o o

_ _ _o_

o _ _
b3 0 _ C
0 _'_ _ v ,_ ._,

_ o

_ _ e_

&

<

U_

i

C

Cl

m
m

C

o

o

_o

uT_

_,_o_

_ _ 0 _

P-
o
o

g

i i

,II



.4

o

o

I

o

F-'

.-lm

Z

!

_r_

',i0

..1

w_

• m

o

roll

°_o_
U

o_ _ _:

o _ _
_U o

_o

C _ 0 _

°_'_ __io

• _b _ __-o I_ _"

_ > _,_ 0

O_

_._5

o_._ o _

_ _ o

o '_
u

,u 0

_z-_ed

_ e

"lJ

_._
g_

_. _o _o.

o _ _ 0

5_a

_o

,-.>
U

o _:._ _ _._._ _;o_

O_ _ _ _ _ _ " 0

_o_O_oo__._o__ _._o_

_n

0
U

0
U

_n

o

o

g

_o_,

,-1

M

h-

i

_o

C_

I

P
0

A

g

o



II II II

C,,

u

e_

6

>

ol

.,4

0

I

T
±L

c_ r_i
c ol

} } I

._. _0.1

I

o,!

0 I

t_

0

U

-F

>

>

q
k

0

<

i

,.o

m

ex_

Cr,

C3

<

i

8



o

.g

la

_4

o

o!
C

.4_

M

F_

{,,R

1.3'

f_ :'!

t,!

<

o_ Y_

o._ "_

_o _ _
_ • o

"_ _ oo o-__ _ _ o_

_; o i_, _ _

'S

k

l%

_g

_z

G)

_ _ e,i

_ o r_,_

_o_

o _
1.4

i

_ o_o" _,_o_ _

_ _ _ _'_

_D

C

o

._._o °

i

i1

0"_

• u

m

_o

o_

:,ioO_

o
o

o=

o

&

itl

_o_

_ o_

_ u _ u

o_
i

o

0

(y)



F.

E

o
i

X

S"

_c

U iT

,-I

,t

!i
_z

0 0

_0

_S

o _o

o

o

s
ox

_. N

i

<_;Sl
n_

.<

o_ _
g,

_s

0

_4

i i

_I _
<;oI <Co

u, < o! <

•_ _
_ L)_ _ 0'0"_°

,.o
o
o

N

_ <

_ '
_<>_

i

i

.a'S

s_ _
_S o£

o Go

..J

o

_o

_ 0

t

< < <_

_ _i_
i

<- <- _<-

0 _ I
_ ._

_o _o

m
0 ,a_o_

o_

o
e,i :_

o_,
_3_n

4
o>
I

I

_x

i

o

b.l

0

,al



o '_ oO _

cl

I

_o

i•

.__ _-oI

i.i

,.. o _,g
_, u o

®1_ _°o

_,_,

w

ii :uu

, _o_.o_

i_I oI_

_g_g

QZ

.11.
@

,g
g

IM

,.IS

,I

o_ _

o

,_,.o

Z

_I o

o_

g

bo 0

._o

ZO

,_ _[-_

o ~ g _ g

o



Cxl

4

C

?

o

S

hln

_H

<

4a

o_

I_ I.i
C

o
Z

6

<-

o
Z

H
<-

o
Z

c_ oo_
_o_

_n

m_

o_
_ _0

0 .

o 8_ =

_m

o

6

z._ _

,_ _

b-

o
o

Z _ _ Lq

0 U] I._

u_o _

_. 0

-_ _i__

_ _!_

r_

I

oo_

m_2 M

o_ si_

6 oo_

_n m_le

_._0

o_
0 O

_o
_ __._ _

o

8

z_
o®h

oaS

m2 mZ

_ 0 _ I-_

g {°1

_: _ _ _ ,

o ._ o _
z < z _oo _o o ,.

r_ _ r_ _o__= o_ _._

zo _z_

o
0

o

o
i

oO°_

_ °_

0

o

o
o

0

o

E

I-

o
c
Iii

"iJ

C

X

o

o



(NI

t_

U

14

,-1
i-i
.<

i .......

r

rq

OI

I,iip

_ E

5_

L __ _

, _

M

:t I
nl

I
i

o

a3

_1

o_

r_

m i

=

--1-- J
I

I c_, I

I ,
¢,
.o

i

0 I

0 I
,D I

L____ J

I
I

C_ I

t

2_

i
Id

g

(b

0

<



o

A

)

o

c/)I

Z_

_0

"-'U

o

o_

z z _g_

ii ii

_,_

g CCI

_, _!_ _' _, _."!÷ _._

_. _: _
_ u '_

0 _ 0 0

i o °

)

!)

E

m

i

r,j

I C I

_ _ o

OZ g g_ h _,._

o '_

._ _,

cn
,.., ,-,

_E
: o
'<0

o

t

\

%

o

>

c
¢¢

0

A

0



_A

e,,

_8

4
E

i

o

oi

>

>

G

_f

Z'

<>

J

_,_
_'_

3

@

ii

' _ i __

_; _ _ _._ .
o _ _ _ _b_ _

_ u

_g z

<2

tu

['9 0

_ o u _ -° '_6'_

o _{ oo_o

o_ o._
u

D9 ,_
"_ o_ _ _

z _g_ =o

9m

a ' -,

_ _ o_:_
O_

<

N •

_o _ _._

_ __ _,_o
.._

2

Z

_ o _
L_ u_

o_

°
_ Ea_
i:I:1 o _

m_e

os;

u

k)

0

g
t_

<

U_
,, i

"o g_

m

0

o',

N
_e



Cxl

E

o

o
E

E

o
i

U U

h_
Lt_

_0

J

W

W

' i

W::,.

o

H

• m

¢_

o

o
Z

a_

.<-

"o

o _ ._
o

_o "_

ii i iii i i j

_._

z J_ _ a _.".._ _e

0_. _ _ _o0_
.._ o o _ _JI

,'_ _ ,_ _'_ _ _ .o o c.- 0"_ _ "_¢' _

_._'_ _1_._ _- _ _

__

o

_ o_

o _ 0

'_o_

u

>

i

0 0

Nu

"0

Ul

m

•_ 0

0

o

o
_ o

o_ _

_o_

g
o
o

o

o

_ ,_ _._
_, ,.o

0,_

__ _ __ _._._ _,

Olu o

0

o

N - N

m -- m . m _ m

_o

td

Z

i m

_ _'_

<

r,1
i

<_

i i
en _

o

if) _,1

0

o
U_



4

J

C_

i

0

Z

0
U

M

M

a_

I
I
I

,_ol

I °'t.q I

@ !

°1

r.l

q) o

N I--

o -
m

!

L

I
,J,,°,'°° l,,

_o:

>

I

,0.o1.°,, I

_ o:

U

_7
o

,,..r.°..

I

--]-_

o _

-.d'-

<

M

bl

;>

x
>.

121

0

"7

o



@',I
,A

!
I.
o

i
,I

i
i

¢)

I'_ o_ _
o

1:3

_J

:i o

il >'

"° 21! _, III

0 I I J I_; . I'i _ iI l - ' I !I; I _= "i:I

= = I ;-_ I iI

I IIi= I I = -=

v

!!!

.,I°

i _i L, I

o ,u_ ,!_

.];i
<¢

I I, _ Li

_1 g i;

-iII I.
_._

e,) Ii

I I .I I

' l-a I'i_I

II =,,I I
,>. I.I

,.;_>

rl

_ "g. i!
:i'-
<,o u

• .4 ',

I -ii

i "I

II = :-:!> =.:

i! tj

I .I .....

=, II I

i!
o

_=

%'_ _ .....

o _ ..i,.,i

"_ I._ _ I

q_

1,.,r

I "

I> I

o

i

P
0
v

o

!
o



_A

a

£

o

U U

M

b_

b,3

_ .o_ o ._

_._ _°_ _o_o_

J_

u

' , ¢6

._I, n. ..i

i!l
;41 o • _ _ o

g

i

.g

o 0a

o.._

.. • i_ I{i

.... .. -0 .., o_

iii

>,_ o_

.1:

I'I

, u_,

_'_.

_.,_o_

_a o0 _a L_

.. o_ .:__

o.

tf

U g't

:_oL,

o_
t0_ o

!!1

n,

s4

_z

o_

.__oo _.0_°
_.so

o ,

_ .... .I _-_

_ 2 :I'_ ° G r,.
_,°_>_o_

g

,g

u> p::,

_._ _,

P
0

o,

P

P

o

N
m



O4

.4

I:1

o

.8°
Z

g

o
;=

o
_o

o!

03

4";'

I-

I'4

14

_4

.... _ _°

•_ o_ o o. _

o 14 I N W •

o _
_ N o _

_ _ !i °_
_g _o

_- _ .

o_

_u i.i

o,_
el

,...i

_ _ o

• m

.4-

_2

m

I

_o_, , _

_ _ _o°"_o_
_J

,. b,_ o)

._ .... o!
_ o

*'3

._ _ o_

c_

:1 o
o

oJ _4._

o

o _ _

o

o_ _ o

=Oo.,= o _ "_ k'

_._ _
o _,'_ ;_ •

W

_.,4

,_ _ _ _;_
_oo_ o

6J ,-4

_;
._ .o

_ o_

0

A

o_

0

f_



J

U

I4

2,

?

0

0

0
U

I

P

U I

-_t-j

i

I ._'_

_t- t _>
i

I

Eo

g

g,=

_g

I j

o

<

U3
i

e,l

0

.D

i

o



u

z

i

>

L_

Z

o
0

J

Z
0

i

o

0
0

C)

>
o

<

i

>

B_
i

<

i

t_

o



(/)

<

[..,
{..}

.G.I

1,i

LIJ

DE

l--

A-"
I'"

(/}

i.Ml

i I- I

wo!

°;IW

11= !
u i
¢J l
u i

J

N

i

h

Z

q

!

H

Z

v
(¢1

----N

w _,-I

0
_1

i

I

I

¢_I
OI

I-

_I
___I

l--N,
0

_w
_L Zl

o0-1
U

O. _,:I
_. 4,1

®,.11
O "'* ]
Ld ",31

Q.

h- e_

_ E

_z

o

<

t_



I_STRUMENT UNIT



o

u_

,4

U

I

Z

_L_
i

i
>

o

o
U

14

i

,4

_0

Z

o

i

_4
,e

[-,
U

.ii_.i1......
o
u_

i

o
Z
0

U_
k)

0

I
<

u

,.-1
t,l

i

0

I
I

<

>

i

_o

_a

Ii

0

o



|

i

!!
-!

_o

_-

_o

L ,1lib 3

A

1 ,
I1
8

I '

I



++I
IE

i

_+'_-+!+'H+++

Alo_

im •

i_o

i+

t _ I_

.+_.

.,+ .,..,+.,_ +_°°_d
l++t% +:_++

._: . ._f •

.t,_°

+ ""_'+ .4+,

A

.g'+,"_



J!I ' I

q,4 4,1 ,I,I I 4,1
I ,.pl •

!
!

h

o&

_'.i+_,._I_',,_
,., .-,_. o_

I.-, .-,. ,. _
• ,..+., ,,o,, ,,

,.4

Ii

4

i__ '_':• _i_

1 _I;++!fat++

|

I

I+.+



i

l





! [o
s.

_J
¢M

!



l
Iit
!



|

i

Z

_. _s _.

I!
_ _1 _I _o_
i_ d i_ i c_I _o o al

'I
Ii
r

t,

I

M°

l

I

_Q 8_

• 0,-I 0

i • 0

"t

_8

'!i

! I



J

|

iJ
MI

i+

i

II



l
I

I tE_ J

o_

1

0!it!

l

_ o _

£_ _o
A A

|

,,2 .,,2

g_

• _'_ _

m

¢

o.

£

°

o!



i _o -"
• _ = .._ _, _

'i

,

J
I

6

_ m _

_=_

If!

• 0 .0

i

=o

0:0:
_g

_, o_o_

m

I



00

i

I

ii

.-4 ¢I

o ._°_

i

_o_

iiii 
,=4

i

.,'4

08,;
l_ _.

e

oo

0 I I ("
_o8_O8Oo

e_ ','1 0 °_._ _...
•") -*.i ) El

o oo_ I_oo_ __-_ _.__

| :,

.,3

j_

=:

J_

_..s _'_I_

_q

_A

_

< m

¢)

j_

" i_!! I0'_ _,,i % '_

. _

-._o _._j_

v



i
I

i B

Q

m °

J z ,



I



_ ° .

"_ i_ 8

"J

i
!
i



-:|

i
i
I

i i:

I :I
il !

!

._ _q_°_

._8 _ _8_ _

,:,+ .,o,o_.ii!! !_!
::I_ _1I]:|

l] _:,_ _"'"" _ii_,.-t_i

I°!

I

$



!

,11

it!
_i



q

!

I

|

iII
• _,"._o g.;

• _II_'_

. _ • ;.( ° m

i_lT" o|

'_ o_J _..

.

m

_=-_

)!)_)

#i

_)o_,t

) if:.

, !
i

)_.6_._

A
OI



0 _-I ¢ OlO

:'."S:

o _ i 0 Q

1t

II
ml

rl

rill

i!i
II _'_i"°i_, o

._ _°
r_ _ 43

_i_ :_._,

,!



-.; !

:,]

J
!
i

_:_:_

o'J _40 II O* 0 Iw* 0

.'_ ._

B,_,;

i'B"_

R

+!+i°+!_'_ _i _+_
++;+++_'++++I.-"++,_ _'++,_._"i+++

,,4

,,-,I

+,,+,++++++
°+2"-+ "-'_ "I

+++_!:+m+":., s
It !1_1_ i +.,.,, o ,

*_ s I"I",4',41101.. 0

g,,'|_+_ ,.,,,..,,.,g J +g

,+ +++.+.,,,+,o,,o,,_'lll_'_; Igi+lo...,io+g



8

I
I

...'I3 _R.I

...++_I_.,..;"

m, o1=, iI

:iI al ,rio

3 ,...11_

'_ ".'1 "+°
,,4 ,,-I '_ 0

,!

!'2,,,

i+ii.Ili+l+

_!l:ll++ll



¸
I





i
l
1

I

I
I

i Ira'I
I
I
L_. __.J



t_

i
l
i



! _ "_
<

":3_,,-4 o
:3.1

•,.t _ O

o.,,, o .,
O_ _ ¢_0'_ ,_

8

I

_0
k

.,.,* ,o

2_
0

u_

A

0



i
I
i

I I

J!!_ e!!

I
i

i i I i

i ,I

i
IbI

I

I

[
i i
| qII

i



J

!
J

° °

_o _ _!-,,_ J

r

! ,

i!! i

A
,-4

_L
w



"Jl"ii

!
|

!

$

A

tl ..



i

i

i!'i
 l+i+?.+_

! ++=,.+

nl+++_0 le

I I., +

:,+., +. , ;_ ,,
m_P_

i!+i!°=,
_ 0 Ik+.l I +,_

• _ ,,,.4 s:l

o _, _ .__ _.,_

o

i

_i ...=_..' -,>'o ':'_

•-I •
lll-_

_ ,,..I

41 d o_ bO I_ II B_

+0_+;+'
_MOo

o. ooo_

: i "+.+,+++++"

+ +++_

I

+++_+

_,.

++++-.
+++.-++

0

O0 N

•,,.I M t-4 I 0

+. _i+o_

_'_ + +,'_ ..

."
'' t+_

*' 8

+i. _.._

I

' 11 _>

f_

IL

l++

L

P)_-e

_8

++++
P,

m++ +





I

I it
" '°'IN'.: I__1_

| . r- .

J J LJ ____

Nn' | _

'"
]

I '

I



i
!
J

!

q



o_ ._

_t _,

_! ! I _

i

_-4 q.,_o _. _ _._

llg ii i_., ]ii 

. °°:1o =°

_ .,.o gtl_U

t_ 11",-4

A

I

! i i



i
I
l rolli!i ii

iii!i.
"_

i

t I_,_ _

!i!:
!

A

OL

!_:,i

_I_

,!1

ii

e a_



Ll__ i j



I o

i ll_ r._ _ ll_ _ll _ i_



II •

ii _ _ _ _ " "_ i°'',_ "_"I_ o_ _ _ _ _s._o _._

_'-40 0 0 M 0 O0

I,'41-"0 I -'_ O ".'* U

o ,,,4 ip

_ 1 _ _ _

o

v

• ,,,4 °

_ g

"2,_

vv

v'_ r,-

J
1







i i



LII _I
•"4 N

g _ 3
_ t_ _ l_-" ;

3,;3
Ok

Ii_._--.-'..,,_

! ! '
I

i

'l, ;iiiiiii





i
I
!



i
l
J

o o0_ _
_._ bOG. O 4

-i
J _

i

i

N_
l ,

1



l



! i!'I ;

J_

! MI°°

e-I

'i!i i ' _--!__.oo_

,|

A A

o

• iv •

,'4

|

_"_'_o!
__ .-_ !

|

._

!

i



I I

IJ|,I _-

L gm _ _ ml



L



q,

J al
I

I

o.. I_:._o_. .

i



_._ i
.-+ i_.,, _i !

o •

t



i
|

II

t

A A
cq

m_l.1

'_oe

o._o._o_

0 o
0

,..4 :_ 0

g

t

oo

o _

4_

, 1
0



[
l
1

,I

'1
I
I

5_

I

I





")!o qp
k • *

. :0_0."

ok _1

+t++,h
+++.-+. _.+

Ik.,_ ,+,,+

,+, o_, ,, o_
:- _ =.

J

i





..7

iJf

i
|
I

!

11

li,

1

f

f

m

i.

t:

m

M_

I



i
l
1



-+ +++
b _ o o,.,

(_ 0 4J *
.,4 00_g

.0 0 U

i . 8., 8 ,-, ,..

.,,_ . 0_.,'°

b,

_o_ ._+_

.4

_j

i

i

. ,_,,+.+ J_++

o

_++,+-'+'++p++!++,
kl_ I "...4

+_[ ._,,+1 ,,).=lP _.4 f.i .,-i *

! l++i
II +

I

+ :.o +

+,+!_++
_._ •

i

p, ++_.<.
++_ +,
_, 0 o_0 0

_._ :_,:_
_ u .,.4 ,,.¢

l

++.t+-_.I..
_!,°ji_';1

,+l!++:!t++++

ii

:P.



i I t

!I
I

U

|
o
,=

g

< m

m

I

z

w

oo.I

o

o_-

,I,

h p"'_ = N_,

u

= .go

•- _

_._

_._I _

oI . _.q

1,4

o_

_. _.

_T

GI

_o-
::



c:: I_
,-4 _ tP _

li ii
i

qcl

la, b.

JJ

13_ O
0,-4 m _4 -

e m.l_

v

_'__ _ _ _ o_._
_-;_ _-'

_g|i

.. _o _ _ ;,_._

i!

Ii
•_g_: _,

I_l°. _L
ILo°": :_ •

I ,

o._

s [.>,i
_, , _.,

.a o s,o
d 0 04,: 0

o o; o

,S :1o ._3 :_

:_ ¢.,_ M 0 _ _ "¢ • -'4 ','¢ ",'¢ • •

e.., _ o ..,S, =...S _,,,:r_._ d o

,-4

:_ _
o_
S

j:

I



_b

_ _

-I

, i!!l!

I! ,i

v

j_

_ 0

i_ r4

,_II_•

v

°II

i
!

,'4

°°_

A _

O

11.

e_

!

A

i



i
!
i

I



• !i

!

o

_; -_°_°i _

o_

o

_ o o

0 0

_1_ o_u

_Q _ O m_ oo_o, o_

_ • Q oo1_.o_

I ;

|

a_





o

_° _1
A A

_,_
_%_ •

_'_.

,4



i'i

i
I ii1 '1

Hlill



i al

!

J

!i!

1



,i!
J_





I

L_. _I_L _

I-"L--I ]

L- r-

P: I .'._ _1

_ _ L___J_

F-L-1

__t_

i° I

LTJ

L

I_ _ I_i__1
I _ L.T..J

I- I

._._1
I II



g

i
i

A

og

• 4) _.s

?

!



|

P'- P'-- I"', t"-'

Ill Ii

i,,--



_: il wtt_ r [ ',
I

I It. I', ,,Ii
, .. i!' ,
i I I

I
I

J_

I I

t_ I
i T-
I !
I '
I _!_
I
I
I ,
i I

i

I
[

I !
I, I
' I
!

"r- J- -1

I _- i
I _-_ I

LTJ

N

M

I



1

I
i!-'

if'
I

I



,i

i
!,
l

I_°1
L _1



O
B_

o_

_o

. _

!

I

t

I



I
I I

L J

F_IZ1

L J

L J



1

FHII:IIi- ii _ u ][

a _c • <_ om - -

." ¢

I
ii

L°_

T

F

IM



I

|.

r . ,

L]
| n I

!

tlii_il Ii
-!= _!

_I _i=_

• =Ii!_

.

I,

i"
I
I



S-IV STAGE



°._

!

o

!

9[

_q



&
o

.8
£

IV

0 TM

o

oq

o

u

=u _.,-,

o_

oz
u

3
o

z

--4

I
CQ

.U

_.. ,n 0

_ .,4

_, 0 .,4
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NOTES:

i. Section 4, consisting of 81 pages, is Douglas Aircraft Company Drawing

Nulnber 7859475, Change Letter B. Douglas coding has been retained through-
out this section.

2, Drawing IOM030061 consists of 290 pages.
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